The probability amplitude for making a Raman transition from the electronic ground-state and vibrational state, to the electronic ground-state and vibrational state, is proportional to the molecular tensor
Full derivation of equation (5):
The probability amplitude for making a Raman transition from the electronic ground-state and vibrational state, to the electronic ground-state and vibrational state, is proportional to the molecular tensor
where ⟩ is the electronic ground-state and vibrational state, , is the energy difference between the vibrational ground state and the virtual state , is the dipole matrix element between the vibrational ground state and , while denotes the polarization of the emitted Raman field, denotes the polarization of the incident field and is the frequency of the exciting radiation. The first term in the summand contains the near-resonant denominator, , and so we can omit the second far smaller non-resonant term to give
The spectrum of the emitted Raman line is given by the Fourier transform of the temporal correlation function for this transition amplitude:
where ̂ is the molecular Hamiltonian. This procedure is the analogue of that for an absorption or emission spectrum in which the spectrum is the Fourier transform of the temporal correlation function for the transition matrix element. 2 For the Stokes line, when a transition in the real molecule is made from the vibrational ground state, ⟩ to a vibrational excited state, ⟩ there will be an energy difference compared to ⟩ of as well as a characteristic linewidth,
. We can derive this by including the coupling of the state to the broad continuum of available decay modes using standard techniques from quantum optics.
2 It suffices for our purposes, however, to replace the real vibrational energy by the effective complex energy , so that the amplitude for remaining in the state ⟩ after time t is Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics. This journal is © The Royal Society of Chemistry 2014
. Substituting this into our temporal correlation function and evaluating the Fourier transform gives the spectrum ( )
